Accurate estimates of the atmosphere-ocean balances and fluxes of greenhouse gases and aerosols are fundamental for 20 geoscientific models dealing with climate change. A significant part of these fluxes occur at the coastal ocean which, although much smaller than the open ocean, is also much more heterogenic. The scientific community is becoming increasingly aware of the necessity to model the Earth at finer spatial and temporal resolutions, which also requires better descriptions of the chemical, physical and biological processes involved. The standard formulations for the gas transfer velocities and solubilities are 24 and 36 years old, respectively, and recently, new alternatives have emerged. 25
considering water vapour saturation over the sea-surface (Eq. 2). P is air pressure (atm), T w is water temperature (K), S is salinity (‰), p is the gas partial pressure (atm), R is the ideal gas law constant (Pa•m depending on which gas it was applied to (Table 3. 2.2 in Sarmiento and Gruber (2013) ). Our software automatically detected the gas from the a i coefficient. When Β=β the k H was estimated from Eq. (4). When Β=β/V m the k H was estimated from Eq. (5). 
105 Johnson (2010) developed an algorithm from an alternative chemistry background. It accounts for the effects of temperature and salinity taking into consideration the molecular and thermodynamic properties of the water, its solutes and the specified gas, but disregarding the non-ideal behaviour of the gases and moisture. His formulation was developed from the compilation by Sander (2015) (although available in the web since 1999) of the k H cp for nearly all gases in the atmosphere at 25º C (298.15 K) and 0 ppt. Then, equation (6) converted the k H cp to k H at a given 110 temperature and 0 ppt salinity. The term -Δ soln H/R reflected the temperature (in Kelvin) dependence of solubility, having a value of 2400 for CO 2 , 1700 for CH 4 and 2600 for N 2 O. The correction to a given salinity (Eq. 7) relied on the Geosci. Model Dev. Discuss., doi:10.5194/gmd-2016 Discuss., doi:10.5194/gmd- -273, 2016 Manuscript under review for journal Geosci. Model Dev. Published: 23 November 2016 c Author(s) 2016. CC-BY 3.0 License.
empirical Setschenow constants (K S =θ•logVb) reporting the effect of electrolytes salting-out gases proportionally to their liquid molar volume at boiling point (Vb). The Vb was estimated using the additive Schroeder method, whereas θ was estimated from Eq.8 using a provisional k H# =0.0409/k H cp. 115 . c Soln .
(6)
. 
Transfer velocity
The available algorithms consider that the rate at which gases cross the sea-surface is basically set by the turbulence upon it. E.g. wind drag, wave breaking, currents and rain promote turbulence. The water viscosity, set by temperature conditions. However, modelling the coastal ocean at finer resolutions requires an enhanced representation of the multitude of processes involved. Hence, we updated the framework by Vieira et al. (2013) , with the k w being decomposed into its shear produced turbulence (k wind ) and bubbles from whitecapping (k bublle ) forcings (Asher andFarley, 1995; Borges et al, 2004; Woolf, 2005; Zhang et al., 2006) . The effect of currents was disregarded at this stage (Eq. 10). Sc w was determined from temperature and salinity following Johnson (2010) .
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The formulation by Zhao et al. (2003) , merged k wind into k bubble (Eq. 11a) using the wave breaking parameter (R B given by Eq. 11b). The u * is the friction velocity i.e, the velocity of wind dragging on the sea-surface, and f p is the peak angular frequency of the wind-waves. The kinematic viscosity of air (υ a ) was estimated from Johnson (2010 solution used the wave field as a proxy for whitecapping that increased transfer velocity with wind-wave age. However, it simultaneously used the wave field as a proxy for the sea-surface roughness that increased transfer velocity from 150 wind-drag over steeper younger waves (through the WLLP estimation of u * explained in a section below).
A more comprehensive solution split the two drives of transfer velocity (Woolf, 2005; Zhang et al., 2006) : k wind for the transfer mediated by the turbulence generated by wind drag (Eq. 12) (Jähne et al., 1987) and k bubble for the transfer mediated by the bubbles generated by breaking waves (Eq. 13) (Zhang et al., 2006) . Β is Bunsen's solubility coefficient estimated for the local sea-surface conditions. W=3.88×10 
170 Roughness length (z 0 ) is the theoretical minimal height (most often sub-millimetrical) at which wind speed averages zero. It is dependent on surface roughness and often used as its index. It is more difficult to determine over water than over land as there is a strong bidirectional interaction between wind and sea-surface roughness. Taylor and Yelland (2001) proposed a dimensionless z 0 dependency from the wave field, increasing with the wave slope (Eq. 15). Due to the bidirectional nature of the z 0 and u * relation, we also tested an iterative solution (iWLP) where Eq.15 was used as a 175 first guess for the z 0 and Eq.14 for its subsequent u * . A second iteration re-estimated z 0 from the COARE 3.0 (Fairall et al.; 2003) adaptation of the Taylor and Yelland (2001) formulation, which added a term for smooth flow (Eq. 16), and u * again from Eq.14. Applying four iterations were enough for an excellent convergence of the full data array. in its turn estimated from air temperature, air pressure and specific humidity (Grachev and Fairall, 1997) or from the liquid water mixing ratio (Stull, 1988) . Alternatively, the use of the air potential temperature neglected humidity (Lee, 1997) . The wind velocity (u z ), temperature (T z ), pressure (P z ) and humidity (q z ) z meters above sea-surface were given by the WRF second level. The wind velocity at z 0 (u 0 ) was set to the theoretical u 0 =0. Temperature at the height of 0 m (T 0 ) was given by the SST (Grachev and Fairall, 1997; Fairal et al., 2003; Brunke et al., 2008) without rectification for 190 cool-skin and warm-layer effects due to the lack of some required variables. Yet, these effects tend to compensate each other (Brunke et al., 2008; Fairall et al., 1996; Zeng and Beljars, 2005) . Air pressure at 0 m (P 0 ) was given by the WRF at the lower first level (at roughly 0 m). Humidity at 0 m (q 0 ) was set to the saturation level at P 0 and T 0 (Grachev and Fairall, 1997) . The Ri b was used to estimate the length L from, Monin-Obukhov's similarity theory, a discontinuous e ponential function tending to ± ∞ when Ri b tends to ±0 and tending to ±0 when Ri b tends to ±∞. Ri b and L were used 195 to estimate ψ m following Stull (1988) or Lee (1997) algorithms.
Ri (17)
CO 2 is mildly soluble with a K H =1.17 for pure water at 25 ºC. Its transfer velocity is limited by the molecular crossing 200 of the water-side surface layer. CH 4 is much less soluble with a K H =31.5 for pure water at 25 ºC. Its transfer velocity should also take into consideration the molecular crossing of the air-side surface layer (Johnson, 2010) . We compared between the use of the traditional single layer and the double layer "thin film" model (Liss and Slater, 1974; Johnson, 2010; Vieira et al, 2013) , the later requiring the air-side transfer velocity (k a ) estimated from the COARE formulation as in Eq. 18 (Jeffrey et al., 2010) . CD is the drag coefficient and Sc a the Schmidt number of air, which were determined for 205 a given temperature and salinity following Johnson (2010) . Geosci. Model Dev. Discuss., doi:10.5194/gmd-2016 Discuss., doi:10.5194/gmd- -273, 2016 Manuscript under review for journal Geosci. Model Dev. Geosci. Model Dev. Discuss., doi:10.5194/gmd-2016 Discuss., doi:10.5194/gmd- -273, 2016 Manuscript under review for journal Geosci. Model Dev. between the iWLP with ZRb 3 and the Wan , , (∆k w CH 4 ) difference between the single and double layer schemes using the iWLP with ZRb 3. olour scale: volume (or ∆ volume) transferred in units of Km 3 /66h, except for NRMSE.
